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THE RELATIONSHIP OF SCHOOL INPUTS TO PUBLIC
SCHOOL PERFORMANCE IN NEW YOKK STATE

%
Herbert J. Kiesling

Consultant to The Rand Corporation, Santa Monica, California

Introduction .

In an earlier paper {(14) thé author related expenditure per pupil
and school district size to average achievement performance of pupils
in basic subjects in a sample of school districts in New York State.
The focﬁs of that pa:cer was upon education considered as a local
government service and exaumined the relationships of expenditure per
pupil and school district size tu the parformance of pupils fronm roughly
similar socio-economic backgrounds. Since the writing of that paper,
these New York school data have besn analfzed much more carcfully with
an eye to shedding some light upon production function relationships of
education when considered as a firm. This paper outlines some findings
from that research.

It has L~en ¢ifficult for ¢conomists to es;abliéh production
funct{ons for firms even in the private sector,** and it would be pre-
sumptuous to claim much prégress in establishing p}oduction function
relationships for public education. While a number of invéstigators
are currently engaged in this kind of work, it is probably safe to say

v '

that cross-section analysis 1s more properly viewed as descriptive of
!

——

*Any views expressed {n this paper are those of the author. They
should not be interpreted as reflecting the views of The Rand Corporation
of the official opinion or policy of any of its governmental or private
research snonsors. ?Papers are reproduced by The Rand Corporation as a
courtesy tuo members uf its staff,
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past sch?ol perform;n;e than technical production functions. It may
be that‘the latter caa only be correctly éstablished with highly con-
trolled longitudinal experimgnts. The results given here are meant to
give some appreciation of ihe problems involved in constructi~g wean-
ingful production functions from data thzi are essentially cross-
sectional in nature and to present a descriptive report of how schools
in New York State--bésed upon a fairly representative sample~-seemed
to be performing in thellate 1950's, After a brief discussion of the
data, a model ofvthghgguca;ional processiwill be proposed and prcblems
associated with its implementatica with available data discussed. Em-
pirical findings are given rela;ing the most important inputs to the
average levei of achievement performaiace of aixth-grade-pupils who were
present in grade 4 and also the average gain in performance over the

two-year period.

Data and Data Limitations

The data upon which tnis study is based is described to some extent
in the authou;s earlier paper. Fourth grade pupils in 97 school dis-
tricts were given the Iowa Test of Bésic Skills (2,) in the 1957 school
year and retested the next year ag fifth graders and retet .» again the
third year when in grade 6.*

A diocussion of the strengths and weakqesses of achievement scores in

basic subjects as a measure of public school performance was included in the

*This was also done foy grades 7-9 and 10-12, but only the results
for the elementary grades are discussed here because of space limita-
tions., It is to be roted that all pupils present in a given year were
tested, not merely the pupils who had been tested in the first year.

.
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author's earlier paper and will not te repeated here. In that paper
the achievement measure used was the average for all pupils present in
a given year, a procedure which is potentialiy dangerous since it {is
possible that many gf the students may have moved into the sghool Cis-
trict:just prior to the year of the test, with test results therefore
meésqring perforrance due to the inputs of other school districts be-
sides the one being measured. To avoid this danger* the data were
resummarized for this paper to represent the «verage perfcrmance for
pupils in the sixth grade who w=re also present in the fourth grade.
This assures that the pupils whose performance is being exemined were
present in the school district being studied for at least three years,
and, given the mobility patterns described in the previous note, prob-
ably for most of their six-year school ~areers. Test scores werz
averaged by school district for sixth-grade level and for gain from
grades 4 to 6 for all pupils and for pupils in five groups strati-
fied accqriing to occupation of family breadwianer.

Members of‘the original New York State Studv project** and the

author gathered a variety of informaction concerning characteristics

*For moet of the school districts in the sample the mobility was
not unreasonably great. Most smaller and medium-sized school districts
had ratios of nunbers of matched pupils to the greatest number of pupils
present for tests in any of the three years between 70 and 80 percent.
Using the greatest number of pupils present undoubtedly overstates the
mobility rate soumewhat. In the 19 largest school districts, where
mobility 1s presumably the greatest, the average ratio for the best 15
scheol districts wes 77 percent. The ocher four large school districts,
however, had extremely high mobility retus with the average percentage
of matched ggeores of the total in those districts being only 20 percent.
Two of these four districts were not used in the analysis for other

reasons, however. (See note below.)
AKX :
. The "Quality Measurement Project.”

ERIC

Aruitoxt provided by Eic:

qreete

BaddA G,




of the school districts, the moust important of which includes the
following variables:

(1) Teacher-Pupil Ratic

(2) Princiéals/Supervisors to Pupil Ratio

(3) Special Staff Personnel to Pupil Ratio

(4) Expenditure per Pupil on Books and Supplie=

(5) Median Teacher Salary

(6) Average Salary of Teachers in the Top Salary
Decila in Grades Kindergarten Through Six

(7) Average Socio-Economic Index of Occupation of
Family Breadwinner of Pupils 1in Grade 5

(8) Amount of School District Debt per Pupil

(3) School Districf Yearly Growth Rates 1950-1958
(10) School Distriqt S;ze in Average Daily Attendance
(11) School Propert; Value per Pupil

(12) The Salary of the Superintendent of Schools
_(13) Median Salary of Princiﬁals .

(14) Expeaditure per Pupil on Principals, Assistant
Principals, and Supervisors

(15) School District Value of Buildings’ per Classrocm

(16) School District Value of Furniture and Equipment
~ per Classrooun

(17) Median Years of Teacher Experience in the Scthool
. District .

A feu community characteristics such as tax rate, tax base per pupil,
and type (village, urban, etc.) were gathered. OQther community char-
acteristics were difficult to ohtain because schocl district boundaries

are seldom coterminous with jurisdictions used by the U.S. Census.
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Aruitoxt provided by Eic:

(91



—— . R———— Ll

-5-

The importance of many of these variables is obvious. The ratios
of teachers, principals, and spehial staff personnel are important direct

school inputs., Expendituce per pupil on principals, assistant principals,

PEIRY

and superviscrs 1s a close proxy variable for the principals variable and

possibly more accurate for purposes of measuring resources going into

X

supervision.* Bouks and supplies are meaningful educationsl inputs.
‘Salaries and ekperience levels are attributes almost always important
tb the operation of firms..

As a list from which we hope to chcose the variableé which will
explain school performance, it has real weaknesses, however. If an
investigator wishes to capture differences in personnel quality, salary
variables will undoubtedly be found‘wanting, at least with respect to
education. (This is also true--and probably more so--with eiperience
levels, especially for teachers.)** The fundamental reason for this is
the widespread use of the single-salary schedule in education in which
ninimum salary levels (and often, salaries actuallf paid) are a function
of, aﬂd'only of, number of years experience. Second, enough market inper-
fectioﬁs exist such ihat salary levels in different locations are not

strictly comparable.

——

*
The principals varisble does not include "supervisors.”

**It appesrs from work done by Katzman, (13) Turmer, (22) and in other
analysis of these New York data, that additional experience beyond a
certain point (which may come relatively early) in the teacher's profes-
sional career has little effect on teaching effectiveness.

There were a large number of school districts (about one-third)
in this sample for which it was not possible to collect teacher-experience
data and the variable is not included in the discussioa below. Multiple
regression analysis for the approximately 60 school districts for which
teacher experience data were available displayed the interesting finding
that experlence was unrelated to the achievement performance of punils
from the top occupational background but significantly and positively
felated to the performance of pupils from lower occupational backgrounds.
(8
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Some salary variables are probably more affected by this than

others. O0f thoae on the list, the best aalary variable-is undoubtedly

mean aalary of the top teacher aalary decile. Tﬂis is because single-
salary scheéuies have more effect upon salary floora than ceilings and
more variance would be expected because of school district salary policy
in the top nalary bracket than at any other level.*

The value variables, finally, are only weak first approximations
and are highly inadequate. No better data were available, unfortunately.
From all the author has been able to observe concerning New York schools
at this tims it would appear that most of them used highly similar mixes
of capital inputs and therefore the value variables might be somewhat

better than one ﬁould otherwise expect.

An Eduéatiénal Mndel: Theoretical Considerations

| It is not possible for an economist (espacially) to build a model
which 1s satisfactory for understanding the educational process. Much
has been said by other writera conce-nlng a lack of a aatisfactory
theory of learning which would be a necessary 1ngredient.**

et us tentatively assume that the quality of a child's education

ie causally related to four variates--the formal s~hool uucation
ﬁrocess, the informal home and environmental educational process, moti~
vation toward learning, and ﬁative ability. In order to pursue the

goal of examining the formal school process, it 1is receseary to isolate

the effects of informal hcue and environmental process upon the child’'s

P v .
Except for beginning salaries perhaps. Beginning salary is a
relztively good salary variable also.

N
* See, for example, (2), p. 4.
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learning as much as possible. The child's motivation to learn is a
rather complicated factor in the learning process, being a function
(at least) of home environment, influence of peers, and influence of
sshool environment. And finally the success of formal education pre-
suppouses the'ability of ‘pupils to absorb knowlédge if only they make
the attempt. The crucial question for the analysis of formal eduration
1s whether enough of the non-school effects can be captured such that
the findings for the school effects are interpretablé;f

Since difterences in native ability are either randomly distributed
or associated with soclio~economic background, it seems unnecessary to
use intelligence test score as an explanatory variable for differences
in native ability. If native ability 1is associated with socio-economic
status, the proper explanaﬁory variable 13 a socio-economic status

4

%
variable.

*This represents a departure from the author's thinking wher the
earlier paper was writtea. ’

Not using 1.Q. scores eliminates the problem of simultaneity
which was present in the earlier paper because intelligence and achieve-
uent tests to a large extent meisure the same thing. Because of this,
both the magnitude and significance of the estimates for the expenditure-
performance relationship were underestimated in the prior paper. Space
does not permit a complete listing of the correct estimates. The follow-
ing are the values for the t-statistic for the urban school districts for

6. ) .

Population Sixth Grade Gain
Professional -0.41 1.22
Managers, officials 2,2¢ 1.75
Clerks 0.87 1.38
Sktlied, semi-skilled 0.71 2,30
Unskilled -0.08 0.70

The model used had performance a function of expenditure, size,
growth, and occupation index. As in the author's earlier paper, the
middle SES groups show performance more related to expenditure than
the extremes, ’

e e e am e e e o e = rn = e e A+ B e e e e+ S e e e A i e 0 T ST

sixth-grade composite sco.e and gain in composite score from grades 4 to

i
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Pupil motivation is difficult to icconnt foi with the data at our
disposal. It might be assumed that the motivation imparted by the
school is captured by achievement test scores themselves and therefore
no further notice needs be taken of that zspect.* We have no gnod
variable for capturing the influence ot the pupil’s peer greups, al-
Chough average occupational background of the pupilg in the school is
probably a fair proxy. The other part ni mativatioﬁ, as well as actual

learning irn the hoqq,'is a function of the home environment and a good

socio-economic statu$ variable might be expected to account for these

influences.

Problems in Going from Theoretical Model to Empiricel Model

A aumber of problems stand between conception and implementation
of the scheme just described. They are of iwo types having to do wit¢h

model specification and stetistical application.

Speclfication Problems
Several specification problems exist. First it is necessary to
apecify the propar unit of production. Perhaps most proper in theory

would be the pupil’s experience in the irdividual classroom., The

*Aa Bowles sugpests, (2) p. 9, there #s an element of siuulta-
neity introduced because of the relationship betwzen achievement por-
formance and motivation. Thus high achicvement creates confidence
vhich creates increased motivation which in turp produces higher
achievement, etc. As Bowles also suggests, since we are revely inter-
ested in perforuance levels, and not particularly in the prucess &y
which the pupil arrives at high levels of perfcimance, this phenomenon
is probably not germane to the present discussion,

RIC
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smallest administrative unit in public schqpls is the individual
school building uiler the administration of a single principal, while

the smallest completely independent administrative unit in the public

schools 1s the school district. Richard Turner has shown that 1s a
result of uniform hiring policies teacher characteristics were quite
homogeneous in.a sample of school districts i Indiana.* On the other
harnd, we are aware that in some of the larger school districts quality
of teaching and administrative personnel is not homogeneous tetween

schools because of the ability of teachers, and to a lesser extent

‘ Ak
administrators, to transfer, Thus teachers with greater seniority

can be expected to transfer from ghetio schosls to silk-stocking or
upper-middle-zlass schnols in most instances. We have achievement per-
formance data both by schoc! building and by school district and have
summarized 1t on that basis. However, input data by school building

is virtually impossible to obtain. An aggregation problem exists,
therefore, ﬁhigh ig diiffcult to overcome satisfactorily.

Although the Turner findirgs offer some consvlation with vescact
to this 1ifficuity, the school districts were examined for heterogeneity
more directly., Differences in the occupation;I backgrounds of the
children in different schools within each school district were care-
fully examined, the hypothesis being that if the pupil characteristics
vary greatly from gchool to schocl there is much greater likelihood
that teacher characteristics differy also, since it is because of such

differences that *eacheré usually ask for transfers Within the school

* ' )
See (22) Chapters 5 and 6.
*See (15) Chapters X, 6, and 7.

17 .
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district. Upon analyzing the homogeneity of schooi districts in the
sample, seven were judged to bé excessively heterogeneous and those
districts were discarded from the analysis.*
~ Another important issue concerning these data concerns whether
the index of parent's bccupation accounts for socio-economic background
differences on the part of school districts and students in a manner
which is reasonably satisfactory.** ‘'wo problems are involved. First,
1s the occupation index itself reliable as an indicator of socio-economic
starus? Second, if the influence of socio-economic background is removed
with a strotification scheme which utilizes the five categories used in
the analysis, are the stratification 1nte;vals too wide to be helpful?
The answer to the first qu2stion would seem to be affirmative. |
Kahl and Davis (11) made a factor analysis of the relationships of five
indexes of socio-economic status to a number of other variables denoting

socio-economic characteristics and found that the bccupation indexes

*In the original data there were eight socio-economic occupation
categories. For the purpose of summarizing the data by school, each
individual pupil’s classification from one to eight was taken and
averaged into a mean for each school building. Then we arbitrarily
assumed that if an individual school building in a school district was
within one-half of one category of the school district mean that it
showed homogeneity in the schoél district, while 1f 1t was within three-
tenths of one classification from the mean it would show high homogeneity.
Seven districts had less than 60 percent of their schools within one cate-
gory of the district mean and were therefore discarded from the analysis.

Of the seven districts that were not used, two were large cities, two
medium-sized, and three were small citfes. As a result of doing this,
plus & slight underrepresentation of large school districts to begin with,
large school districte are underrepresented in the findings that follow.

it should be emphisized that a very large percentage of the school dis-
tricts raported upon in this paper were highly homogeneous from school build-
ing to school building in terms of father occupation characteristfcs and lhat
about half of the districts had only one elvmentary school building.

*A
The occupational index used is an earlier version of that generally
used by the U.S. Census. (7) There is very little difference between the
earlier and later versions of the index.

£ 11
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(one of which being the one used here) were fhe must highly correlated
with most characteristics. Haer (9) found that the occupation index,
while rot as good as either education or a moce complex index (Index of
Status Characteristics), was nevertheless a good SES indicator. A readr ¢
ing of the sociological literature gives the impressions that occupa-

*
tion is well regarded as a status indicator. Also, from all the

author has been able to learn, it appears that the information it~

self was collected with great care by most of the school districts

fMedsker and Trent, in a study of college attendance, state: ''Of
the several indices which reflect the aocio-economic and family back-
ground of any particular group within the general populatjion, the
occupation of the father is conaidered by many to be the best single
index." (17)

It is probably fair to say that comments in some of the economic
literature have beep overcritical of the use of occupation in favor of
income. For example, Burkhead in nts study of high schools in Chicago
and Atlanta, commenting upon the author's doctoral dissertation: ''The
+++ study depends on vccupation of parents as the single measure of
socio-economic status; this is unfortunately not a reliable measure of
relative family income among different communities.”" (5)

It is probahly only natural that economists would over-stress
income as a socio-economic status variable. It would be helpful that
thase of us so inclined consider the following statement by Kahl and Davis
(in explaining their fe~tor analysis findings, p. 322): '"Income stands
in ... isolaticn. It .as an equal loading on both common factors, and
not a very high one at that. Why is the amount of family income a poor
measure of socio-economic status? Observation suggests that the core
of status is a culturally defined, group-shared style of 1life, and in-
come 1g a necessary but not a sufficient condition thereof. Values
intervene between the receipt of a paycheck and its expenditure in ...
consumption. A satisfied blue-ccllar ‘worker and an ambitious clerk may
have the same income but a different mode of 1living. The former 1is
likely to have a bigger house in a cheaper neighborhood, to ajend more
on autouwobiles, to save less, and to have working-class friends and
belirfs. There i1s a great deal of overlap and variability at precisely
this point of the stratification hierarchy, and it is at this point that
we have to arbitrarily de-economize our variables. Income is probally
a good index at the extremes, but Weakens as one approactes the great
'commen man' group at the middle of our system.”

It {g precisely in those situations which Kahl and Davis cite in
the middle class in which income fails where an index of occupation
would be more succeseful in denoting socio-economic status.

RIC
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which participated in the study, with the teachers carefully question-
ing pupils as a double-check.

The question of category width 1s a difficult one. The U.S. Census
occupational groupings are obviously too wide to hold constant all, or
even nearly all, environmental differences, although Duncan's findings (20)
showing large differences in status characteristics between the U.S.
Census categories would suggest that an important part of such differ-
ences 1s accounted for. As discussed above, stratification is only one
of two ways in which environmental differences are accounted for, the

X
use of av'r.. - index for the school district being the other.

Statistical Rroblems

v

It was necessary, finally, to deal with two important statistical

ﬂroblems in formﬁlating the multiple regression model. First, and less

*A principal critic of the atratificetion scheme used by the author
. 18 Bowlea: (2) "Available evidence suggests that while this technique
*(stratification) 1s certainly useful in reducing the multicolinearity
among the explanatory variablea, it is a thoroughly inadequate repre-
sentation of non-school effects on learning." Bowles cites a study (19)
in which variables measuring home environment and parent-child inter-
action explained large percentagea of variance in achiievement scords for
black and white "lower class" urban children in the South. Bowles con-
cludes that "The predictive power of dimensions of “ome envi-onment
within narrowly defined aocial strata suggests tha! an analysis using
no other cortrol for social environment will be subject of serious
specification biaa." While Bowlea' basic point 1a valid, surely he
overstates his case. Duncan's findings offer one get of counter-
evidence. Alao, the atudy Bowles citea utilize:d observations of indi-
vidual children while in the New York data group means are utilized.
Thia 18 an important difference and there is some question as to whether
-1t is posaible to generalize fram one to the« other.

r There ia nothing in Bcwlea' quotation that tells us how wide the
group of "lower class" urban children waa in the Peterson and MeBord
work. The quotation from Kahl and Davia in the note above would suggest,
moreover, that sn occupational stratification scheme is at its werst in
removing significant withir-group socio-economic effects for low-status
children. Bowles' supposed (and possibly erroneous) demonstration that
atratification is inadequate for the loweat category carriea na inference

[:[{j}:‘ with respect to the other ~ategories.

s 1:}
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troublesome, are the differences in the expected variance of error terms
from smaller to larger school dirtricts because a different number of
pupil scores were summarized in each. This difficulty was overcome with
the use of a weighting scheme.* The second problem exists because of
the great multicolinearity which is present between most of the school
and community variables germane to ou;tanalysis, a problem which already
has been widely recognized in the educational production function liter-
ature.** Two procedures were used to deal with this difficulty. The
first of tﬂese was faq}or analysis, which is a helpful technique for
exploring relationships between groups of colinear variables.*** Second,
considerable experimertation was done in introducing different combina-
tions of variables into multiple regreusion equations in order of con-
~ribution to the coeffieient of multiple determination.

The fac:or analvsis ylelded a three-factor rotation yﬁich was
disappointing ia that many of the important school Variab];é were
closely associﬁted together in the first factor, which of course merely

reimpresses the researcher with the essential colinearity of the data.+

The other two factors were more identifiable, however. The second

v

. '
Aitken's Generalized Least Squares. See (8) and {10) Appendix B,
Cn .
See, a.g., (16), (18), (21).
Akk :
For examples, see (3) and (12).

‘Variables loading upon the first factor, with factor loadings in
pareatheses, vere: teacher-pupil ratio (.62); expenditure per pupil on
books and supplies (.63); expenditure per pupil on health services (.66);
average salary of teachers in the top salary decile (.94); average teacher
experience (-.53); value of school dietrict property per pupil (.55); sal-
ary of the superintendent of schools (.79); mean teacher salary (.92);
expenditure per pupil on principals and supervisors (.46); mean salary of
principals (.81). The author has no good explanation for tho degative
loading for teacher experience, for which the expected sign 1is positive.

14
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factor consisted of variables indicating cesources going toward school
administratfon-supervision, while the third included school district

*
property variables.

The précedu;g of examining vario;é combinations of variables in
order oé contribution to R2, while Lighly heuristic, nonetheless yields
important statiestical inéighta which allow the researcher at least to
discard variables which never contribute explanatory power to the model.
If ghere are also reasons for the researcher to think that such varlables
are theoretically unimportant, he may eliminate them from the estimating
model with a minimum of danger. The following 1ist of variables were
adm#tted as being potentially important explanatory variables for the
school model. ‘

o Index of occupation

o Teacher-pupil ratio

o Average teacher sglary

o Average salary of teachers in the top salary decile

o Average sslary of principals

o Expenditure pex pupil on hooks and supplies
' o Expenditure per pupil on supervieory personnel‘

o Value of achogl equipment per pupil'

o Value ¢f school buildings per pupil

o Value of total school property per pupil

.

*Factore, variables, and loadings were: Factor II--principal to
teacher ratio (.95); principal-etudent ratio (.96); average teacher
experience {.43), expenditure per pupil on principals and supervisors
(.37). Factor III--special gtaff personnel to pupil ratio (.32);
numbar of pupils per classroom (.47); value of school property per
pupil (.65); value of school district buildings per pupil (.85); value
of school district furniture and equipment per pupil (.42).

A test developed by Bartlett was used to choose the proper numbes
of factors in the rotation (see (1), p. 73).

15
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Tbe Multiregression Model

AN
The 1ist just given was the basis for the explanatory equation

used in the analysis. Variables for value and supervision were sdg:
gest2d from the factor analysis, and expenditure per pupil for princi-
pals and supervisors was included as the supervision variable. Since
all of the preliminary anaiysis showed the three value variables to be
highly cofrelated, only one (that for total value) was retained. The
same held true for the three salary variables; it would seem that "salary
policy'" 18 a school characteristic which suffers from being divided much
further. As discussed above, the salary of top teacher decile variable
is thought to be superior on theoretical grounds and it also turned out
to be superior in explanatory péwer, and therefore that variable was
chesen to represent salary pol..,. All other varisbles on thg’list were

retained in thé‘explanatory model.

In summarisihg the data, sverages were computed for pupil scores

 on two of the five individual tests--language and arithretic--as well

[E

RIC
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as for the composite score for all five tests in the Iowa Basic Skills

battery, which are work-atudy skills, vocabulary, and reading, besides

the two just mentioned. The language and arithmetic scorea were used

separately because it was thought that they represent better than the

other three effects which are relatively more taught in the schoel than
. * ’

at nome. . . a

*Most educators think, and those of us who attended public schools
probably would agree, that arithmetic skills are taught much less 1n the
home than language skills. But of the two language~related tests in the
Iowa battery, language is a test which is directed toward the mechanics
of correct expression, rather than vocabulary, and our thought was that
mechanics might be relatively more a function of school than home.

»
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To summarize the estimating model, ther, the following multiple
regression model was fitted to average pupll performance in five group-
ings according to occupation of principal family breadwinner for the
lenguage, arithmetic, and composite scores on the Iowa Test of Basic

Skills:

Y=5b +b,0+b.T+ bQEb + bSS

1 2 3 + bV + bTEs +U

10 6

where:

Y = Average achievement score of pupils in the relevant
grade and occupational grouping

0 = Index of average océupation of breadwinners of
pupils in grade 5

]
"

Number of teachers per 1000 pupils

tn
m

Expenditure per pupil on books and supplies

(2]
1

10 ° Average salary of teachefs in the top salary decile

<
m

Value of school district owned property per pupil

E_ = Expenditure per pupil on principals and supervisors

1f we recall that average teacher salary and salary of the top
teacher salary decile are highly correlated, the five school inputs
in this estimatirng equation represent most of the ;esources used in
public schools. The index of occupation is used'to capture-péer‘group
effects and othé} aggregate socio-economic sch061 effectsiwhich are
not related to individual family effects which,.it is hoped, are cap-
tured thr9ugh the stratification schenme.

Finally, three variaéions of the model were used with respect to
level of score as opposed to gain ih score. These are further dis-

cussed with the ff;dings below.
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Findings

The most important of the fitted regression equations, from the
analysis, are presented in Tables 1-3, The discussion of these find-
ings 1s best organized by topic.

1. Urban and non-urban school districts

In the author's earlier paper it was found that educational expendi-
ture levels are much less related to performance In urban and village
§chool diséricts and in small school districts (less than 2000 ADA) in
general. In this analysis it was decided to separate districts into
urban and non-urban groupings and fit the model to each.* Upon deing
this {1t was‘foﬁnd that only in the urban districts are the school inputs
important; the only significant varisble in the village-rural districts
is the occupation index. |

A number of hypotheses came to mind as to why the village and rural
districts exhibit such rgndom behavior. Theilr ‘Pall number might pro-
vide part of the explanation. This 1is especially true if we consider
each group sepalately.** Also they are widespread geographirally and

‘ Aik
often in non-competing teacher market areas, It is feasible,

*

There were too few observations in either the rural or village
categories to provide enough degrees of freedom for taking them
separately,

s
There are 12 rural and 15 village districts in the sample.

**Turner's analysis of teacher characteristics in Indiana
schools suggests that school districts are romewhat at the mercy of
the area in which they are found in obtaining teachers, with the most
important characteristics being availability of professional employ-
ment for teachers' husbands and cultural attractions in general. These
conditions vary much more widely for rural and village districts since
teachers can to a large éxtent commute within most metropolitan or
highly urbanized areas.

LA \\
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TABLE 1.--F1TTED MULTIPLE REGUESSION EX'AT.ONS, COMPOSITE PERFPORMANCE,
10WA TISTS OF BASIC SKILLS, CAIN MODELS,

URBAN SCBOOL DISTAICTSS

i 1 Per Pupil |Teacher |Value of I Per Pupil
Socio-Economic '.foup lrucher- Expenditure |Salary School Expenaftuse fourth
(Occupation of Family Index of | Pupil on Books Top Preperty | oo Principals | crade o _ >
Breadwinger) Intercept|Occupation| Ratio |and Supplies|Decile Per Puplil |and Supetvisors; Score X| n [ ] Rz
1 Proleasional 2,26 JA27 -.012 -.0065 L0013 | -.00065 0017 44:2.64|0.36{.708
Persons (0.21) {1.30) (1.42) (0.70) (0.29) (0.10) {(8.76) 4%
. 3.80 179 -.011 ~.0030 .0018 -.0014 .015 701 [64]8.1%00.36).792
(0.18) (2.07)* | (1.47) (0.37) (0.48) (0.2%) (8.34)0e (B.37)4s
2 Proprietora, 1.88 RN -.010 -.016 005} 0092 0044 44]2.45]0.23,.637
Managers, Ufficlals | (0.15) (1.!1)“I (1.45) (2.19)* 1(1.61) (2.21)» (3.02)%*
.2 L251 | -.0093 =004 0048 0C9? 0044 921 [44]7.62(0.40] .07
: (0.15) (2.97)* (1.29) (1.82)¢t [(1.41) (2.28)0 (3.00)#+ (8.50) %+
B | . -
3 Clerks and Ki-dred 2.11 24 l<.o18 -.00 0067 . 0099 0036 4412.3410.21| . 444
Workers 0.1 (2.52)% ' t2.13)0 (2.40)0 11,99+ | C2.07)¢ (2.19)*
.13 LSS -.018 =020 0067 L0099 0036 1.00 4812.32)0.97 822
0.17) | (2.32)* .l (2.06)¢]  (2.56)0 1(1.90)1 | (2.16)¢ (2.03) (6.83)a0
4 a0d 5 Skilled and 2,29 .104 Il -.024 -.002% ,0087 .0067 0015 43, 2.25,0.20] .296
Semi=5killed Workers| (0.18) (0.88) | ".62)e €0.23) (2.38)s  (1,19) 0.1) [
H !
| o0.48 | =045 | -.014 -.0027 0049 .0081 00047 1.341 (43 8.9810.37| .09
| (0an 1 (0.37) - (1.4%) (0.35) (2.59)8 (1.53) (0.24) {9.84)4s
H P
I Pt i
8 Cnskilled workers | 2.01 | M8 | -.018 | =01 .0056 | -.0031 .0068 43]2.17{0.23|.370
o Servaats (0.20) (2.72)8¢ (l.ll)?l (2.ont (1.13) | (0.51) (2.51)s
1.2 .25 -.013 -.018 0069 -.0032 .0058 1.172 {43/6.68 [0.37[.034
(0.20) (1.79) (1.43) (2.21)» (3 (0.54) (2.0n) {9.10)#¢
All Pupils 1.91 .15 -,021 -.0071 . 0050 0040 .0050 46| 2.38.0.21|.551
(0.16) | d.2yes] (172)4]  (02) (1.84) | (0.%4) (3. 11)e0
2.62 M0 | -.015 -.0026 | .0051 0030 L0048 844 |46 2.45]0. 481 908
. (¢.15) (3.45)88 (2.01)¢ (0.35) (.51 (0.1} (3.12)0¢ (2.61)0
st 1.70 42,90 12.80 8.16 20.92 35.82 5.0/
Categoties Pet ] ) 4 ) Standatd
0-5) 1000 (100's)  (100's) Crades
. Pupsle
s 0.46 4,66 .82 10.48 .9 15.88 0.34

Stacdatical Stgnfficsnce:r ¢ {ndicates sfgnfficance at ths ten percent lecel, ® {ndicates eignfficaucs
at the five perceat Jevel, and #% {ndicetes stgaificance st the oc percent lavel,

'ror asch SES group, the first line represents tlda fitted equatfon for the gain
grade 6 vhile the second Ls the equation fitte? tec grade 6
Figutes unler the coefficfents of net Tegressfon ore the stendar. valuee

standerd error of the estimate.

Yeoriected for degrees of freedon lost.

Cror the school districts Tepreseated in the "a11 Puplla™ groupfng.

2

1Q

score vhere grade 4 ecore
of t, vhiie the f{gure under the lotarcept {s the

tn ov tage performance from grade & to
{e one tf the explasatory variebles,
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TANLE 2.--“1’1’@ mn.' VTR RESRESSION BQUATIONS, ARITHMETIC PERFPORMANCE,

TOWA TESTS OF BASIC SKILLS, GAIY MODELS,

URBAN §CBOOL LISTRICTS®

Per Pupll value of Per Pup!l ! r
Soc {o-Ecoponic Croup Teacher-| Expenditurc School Fxpenditure Fourti | i
(Occupatfon of Fam{ly Tndex of | Pupll on Books Pruperty | on Principals | urade [
Breadvinger) Intercept (Occupatfon| Ratio [and Supplies Per Pupii snd Supervisors| Score | Ni
-_— - SUPAP R R Y- 1_.'__.
1 Profesatons? 2.24 L6346 [ -.020 -.0099 0063 o1 ! lae)2.39 0.3 520
7erdons €0.26) (0.28) (1.90)t (0.84) (0.80) (3.30)28 [ ' I { 1
4.1) .047 -.017 -.0089 0053 .011 l .59% 'u|7 61‘0.31 .532
{0.24) (1.41) (1.66) (0.93) (0.71) (4.78)22 Q. 51)"| } i
|
i !
w !
2 Propeietors, 1.0 119 -.022 -.028 013 ,0035 ‘ “ 2.24;0. 28' 452
Managers, Officlals (0.22) 0.9.) (2.00) (2.54)% (1.98)+ (1.65) i { i
| ! i i
1.52 113 -.023 -.029 012 .0035 : 1.08 |lb 1.2 0.39[ 104
(0.23) (0.91) (2.06)* (2.52) (1.90)¢ {1.61) |(5 A1) %e, i ;
i i
’ i P
3 Clerks and Kkindred .3 W26 1 =023 -.016 0035 0015 : u 2. 17 0.21.267
Workera {v.20) (2.30)% @ (2.35)* (1.75)¢ (0.62) (0.80) : ! i |
2.31 .261 -0 -.016 0034 0015 I 1.01 Iu 7. Ol\o 31, .83
(0.20) (2.24)% | (2.31)* (172t {0.58) (0.78) ‘(6. 1!}“f } i
1 1 d
4 axd 5 Skilled and 2.02 ~.154 -.013 -.0029 |r L0062 ~.0082 I .i) .09, 0 25:.220
Semi-Skilled Workere| (0.24) (0.98) (1.04) (2.57)* (0.83) (2.35)* } } ;
.9 -.087 -.019 -.0027 . 0080 -.0048 .839 ,61 6.81/0.32 528
(0.24) (0.48%) (1.32) (0.23) ‘ 0.79) {1.58) (4.41)e80 i .‘
6 Unskilled vorkera 2.16 261 ERTS -.013 =.0041 .0028 63, 2. 09;0 19\ 20
and Servante (0.31) (2.24)% | (1.93,% (d.12)¢ (0.78) (1.08) ; I
1
0.88 A28 -.013 -.018 -.0040 .00072 1.256 n's.sl 0.35! .805
{0.17) (1.48) (1.70) (2.52)* (0.77) (0.19) (9.71)%» ‘
. :, ‘
All Pwpila 1.92 166 -,01% -,0051 -.00058 L0021 “i 2.22/0.22) .341
{0.1%) ()t (Dt 0.40) (.11 (1.12) |
1.85 168 -.01% -.0050 H =.00057 L0021 995 |48j7.1) 0. 16 an
{0.19) (1.31) (1.70)¢ (0.57) . (0.11) (1.11) l(i 0))“. '
—_——— J... R .- . SRR S R

Statietical Sign{ficance:

¢ todicates sigaiffcance st the ten percent leval,

® f{ndicates significance

at tha five parcent level, snd ** f(ndicates signiffcasnce st the one percent level.

“Por esch sI8 grouy, the first line represents the fitted equstion for the gain {n averege performance from grade & to
grede 6 vhiie tha ascond (¢ the aquatfoa fittad to grede § acora where grade & score is one of the explanatory varfadlea.
Tigutea under tha coeflicients of net regresefon are the standard values of t, vhile tha figure under the fotercept it the

stasdard error of tha eatimate.

'Cotncull for denrees of freedom loet. °
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also, that the smallest districts are chaped much more by personality
attitudes of individual adwinistrators and t=achers.

Becaure of the lack of relationships for the village and rural
school diﬁtricts, the findings prescnted in the tables are given only
for the 46 urban school districts, and tﬁe conclusions developed in

the remaindar of this paper are relevant only to urban school districts.

2. School and socio-economic effects relative to_the output measute
chosgen -

As discussed above, it was hypothesized that the ianguage and
arithmetic test scores would be more highly related to ectool inputs

(and by {uplication, less related to thre index of occupation) than the

composite score. While the language and arithmetic results yere similar,

school inputs do not appear to be more related to them than to the compos-

ite score in any consistent manner (indeed, the reverse is more true), and

so this part of the hypothesis must be rejected. It is true, however,
that the index of occupation iu in generas .iore highly related to com-
posite score than to the otl:r two scoreu, and this stands in partisl
suppoft of the hypothesis. Because the language and arithmetic find-
ings were siu.'ar, only those for arithmetic are given in :he tables.

3. Uee of level uf achievement vereus‘use of gain in achievement

Thrae yariations of the model were used, and methodological impor-
tance attaches to wlicther the results obtalned from each form were
similar. In the first variank, the level of sixth-grade performauce
vas used.* In the gecond variant, gain in perfoimance between grades

4 and 6 was used as the performance measure, whiie in the third, sixth-

[} B
The reader should recall that this refers to the sixth-grade
scores ~f pupils also present in grade 4,

0D
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grade level was sed, but the fourth-grade score was introduced as

~

one of the explanatory variables. Of these three, the third variant

is theoreticaliy the most satisfactory if there is much pupil mobility,
since it overcomes the mobility problem--which using sixth-grade level
by itsclf does not--and also allows for interaction effects bgtween the
fourth-grade score and other variables, which the straight subtraction
does not. When there is little pupil mobility between schools, the
first variant is best, since it admits six years of school effects, not
just two. Tables 1 and 2 give fitted equa;ions for the composite and
arithmetic scores using the secord and third variants, while Table 3
glves findinge for tue corposite sccre using the first variant.

As the reader can see, there are no major differences in the
results using either variant, a finding of methodological importance
since future researchers, 1f these findings are generalizable, will be
able to use level scores as a surrogate for gain. This is oniy generali-
zable to children who stay in school for the two years prior to the one
studied, however, since this is how these data were summarized.* of
statistical interest 1s the fact that introducing grade 4 score as an

explanator, varjable does not explain so much of the variance that the

" other variables become insignificant. Indeed, the school inputs appear

more significant in the two gain models than they do in explairing the

level of sixth-grade performance.

4, Positive and negative school effects

Turning now to some of the more substantive findings, the school

input variables divide themselves rather distinctly into two groups.

*
However, use of scores for all sixth-graders instead of those
who were present also in grade 4 does not greatly change the results.

23 .
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In the first group are teacher-pupil ratio andvexpenditure per pupil

on books and supplies, and these variables are negatively related to

pupil performance, often at advanced levels of statisiical significance.
The second group includes the school inputs which, based on these data, 1l
we must conclude are those which are important inputs tc quality edu-
cation. No one of these variables is uniformly importaat in all pupil
populations although.one of them always 1s., For two populations fer

the composite score (managers-officials, skillad workers) all t;ree
variables are sigunificant together.

The findings most in need of explanation are of course those for
the two negative variables. Of these, the books variable--with an
average ixpenditure of only about three percent of current expenditures
($14 per pupil)--1s relatively insignificant in terms of resource use.
It i1s puzzling nonetheless. Perhaps the figure would more properly have
been averaged over a period of years rather than taken from just one
year. A possible explanation might also be that school districts with-
out the wherewithal to maintain high quality otherwise compensaté some-
what by spending more on books and suppliés;

Perhaps the most interesting finding in thes2 results is that
with respect to the consistent and signifigant negative relationship
of teacher-pupil ratio to performance in these fitted equations »nd this
despite the fact that tﬂe first order correlation be*ween teacher-pupil
ratio and achievement performance is weakly positive. (This is true
for the books variable also.) Perhaps the most logical explanation for
suqb a finding i provided by some research done by Vincent, et al.
several years ago. (23). In a study of 132»schoo{ districts, these au-

thors con:lude that in all but the poorest and richezt school districts

24



teecher-pupil ratio and salary policy are competing resources and that,
when confronted wiéh the hard choice bet:een them, school administrators
opt for salary at the expense of teacher-pupll ratio. The findings here
would support such an interpretation. Note that this 1s not the same
thing as sayiag that larger class size 1s better per se, which is non-
sense. It doas seem to say that within limits paying higher salaries
buys more quality than changes in pupil-teacher ratio.*

Turning to the positive school variables, the consistently most

inportant 1is expenditure per pupil on principals and supervisors, wi.

" the saléry variable second. Thes: relationships 1f anything emphasize

ERIC
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the Importance of resources spent for supervision (this 1is éspecially
trua for the extremes in socico-economic background, see helow). Thls
finding 1is similar to one by Turner, who found in an intensive study
of teachers in'Indiana that only districts with well—develope¢ super-
visory staffs were able to affect teacher behavior in desired ways. (22)

5. School effects versus soclio-economic effects

If the index of occupation is at all good as a measure of the
socio-economic "atmosphere' of schools (as it seems to be, heuristically,
Judging from its pervasively strong relationship to achievement perform-

ance, even in rural and village districts where nothing else seems to

matter), then these findings seem *o be telling us that both school and

.

*Ihe words "within limits" in tue previous sentence cannot be over-
emphagized. 1In these New York data the range of teachers per one thousand
pupils, which includes most schocl Aistricts, is from 35 to 50 which {m-
plies class sizes in the range from 22 to 30.

There are always a few reported teachers who do not meet classes
full time and so the figures do not convert exactly. Indeed, if reporting
13 not uniform, teachers per thousand would not convert to class size at
all and therefore we must be careful to interpret the present variable
properly. Accounting procedures and reports for school personnel in New
York are quite precise, however, end any errors introduced because of
reporting discrepancies are in my opinion quite small.

20
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community varia»les are important. There‘is not much support here (at
least in the urban districts) for those cynice who (sometimes because

of a misreading of the Coleman report)* feel that sch&ols can do nothing
to override tne effects of enviromment. The importance of schocol effects
are especially estatlished by the gain models, since they--by introducing
prior performance in one of two ways--probably understate the contributicn
of scbool, since prior performance levels which are due both to schcol and

AR

environment are summarily subtracted out.

6. School inputs and socio-economic background

Since the mod:l used a stratification scheme for social class accord-
ing to occupation, there exists interesting potential for examining whether
school inputs are differentially related to the performance of pupils from
different social claéses. Several generalizations are possible. Most
strikihg is the fact that the supervision variable is very higlly related
to the performance of pupiis from the highest and lowest occupational
backgrounds, especially the former. (This difference is greater for
arithmetic perforuance than composite performance, however.) But despite
the importaance of the supervision variable for the social class extremes,
it 1s possible to conclude that the three positive school variables are
in general much more consistently related to the performance of children
in the middle of the socio-economic spectrum. This is especially true

with the gain findiigs. Except for supervision, these schools seem better

*See ).

**Admittedly, this theoretical expectation does not conform well
to the fact that school variables in the gain models appear more s8ig-
uificant. Perhaps mobility considerations fo. the pupils (entering
the school district in grades 2 and 3 witlh beginning trafning from
other districts) does indeed make for the difference. ’
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"tuned to the wavelengths" of middle-class children than those from
the highest and lowest backgrounds. This findiug, especially as related
to the lowest group, is consistent with what educationasl observers in
recent years have been 8saying ever more insistently,

Another‘interesting finding 1s that the occupational index becomes
consistently more sigaificant as occupation level goes from high to low.
The implication here is plain; peer group and other socio-economic school

influences are indeed important for children from low socio-econouic back-

grounds,

7. Fiadings for all pupils taken togcther

The bottom fitted equation in each table is that for all pupils
taken together, which was included for completeness despite the fact
that the model demands stratificatioen. Since some éocio—economic effects
are not removed by stratification, we might reasonably hypothesize that
the occupation jndex is wuch more highly related to the scores for all
pupils than for those in stratified groupings, With the composite score
this is what happens as the occupation index displays levels of statisti-
cal significance which are considerably greater than those for the strati-
fied populations. With arithmetic this 18 not as true on the other hand
and, if not a chance occurrence, this would indicate that arithmetic 1is

indeed more related to school and less related to sccio-economic factors.

Suumary of Findings

The findings just discussed can be briefly summarized into the
following points.
1, The explanatory model lacks explanatory power in the 27

rural and viliage districts in the study.

”
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2. The arithmetic measure is lees sensitive to the socio-
economic variable, but is not more highly related to
the positive schcol inputs than the composite maasure.

3. 7The models which use score level and those which use
gain in ecore from grade_4 go“grade 6 give similar
results. School inputs are somewhat more related to
gain in score than level of score.

4, Teacher-pupil ratio is consistently related to pupil
performance negatively. One explanation for this is
that educators within limits sacrifice class size for
salary level. ‘
The most consistently important school variable 1is l

cvpenditure on supervision, although the salary

variabtle 1s as important for the middle-class socio-
economic groupsa.

5. Both school inputs and socio-economic factors were

found to be highly related to pupil performénce.

6. Expenditure on supervisory personnel is moﬁt highly
related to pupils from the highest and lowaest
occupational backgrounds--espectally tha highest.
Salary ;nd value of school district property are more )
highly related to the performance of children from
middle-class humes.

The socio~economic index was most related to the
performance of children from lower socio-economic

homes.

O
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conclusions

In aqsessing the importance of the findings which are presented
in Tables 1, 2, and 3, perhaps the first question to be asked concerns
how far we have'gone toward establishing an educetional production
function. The ansver is, of course, "not very far." What has been
demonstrated is a set of relationships within a group of 46 urban school
districts during a three-year interval. We have no assurance that these
districts were behaving suZh as to optimize the product (achievement
performance) measured and, even more importantly, even if they were so
optimizing, they may not have becz successful at us’'ng the best methods
for doing so. It mighi be possible to argue (in anaiogous fashion to
students of the firm vho-aver that successful firms optimize profit
whether consciously or not) that successful school districts optimize
cognitive gains. Indeed, it is possible to speculate even nore danger-
ously and argue that cognitive success 1s highly related to success in
non-cognitive areas. While this might be reasonabie for some groups,
1t doesn't seem obvious that it would be for all of them (this 1s a
proposition which can be carefully tested and such testing is overdue).
1f thére are‘joint products, in other words, ard if they are competitive
instead bf complementary, ther. something more than ccgnitive test scores
will be necessary to measure output. It should be added, however, that
most policy-makers in the field of compensatory educatioa, where devia-
tion between cognitive snd non-cognicive objectives is presumably greatest,
are relying drcreasingly upon scliievement test results as their criterion
of success. A partial reasou fer this, in turn, may be that the testing

srt 1s wuch more poorly developed in the non-cognitive areas.

ERIC

29



O

ERIC

Aruitoxt provided by Eic:

~29-

But there are more difficulties. The data used were aggregated
%

such that there were virtually no detailed personnel characteristics.
Also, without more of a theoretical guide from learning theory, and
given highly colinear school and community variables, the empirical
estimating model must necessarily be regarded as only proximate. Third,
the correct unit for some of the characteristics studied is the indi-
vidual school building or the classroom. Use of school diatrict aggre-
gates for such variables is similar to using an out-of-focus telesco;e.

On the positive side it should be noted that most school inputs
were represented more or less completely by the estimating model and
also that the data were more than mer2ly class-sectional since a two-
yearilongitudinal follow-up was involved. This longitudinal aspect is
one of the real atrengths in this data set. And, despite the problems
concerning what schoolmen optimize, it nevertheless remains that this
analysis hats shown chata:teriatics which go with tuccess as measured
by the most widely used measure of educational performance in existence.
Thers are, to be sure, difficult qu-stions raised by aggregation but
these are not regarded as extreme since the 46 urban school districts
represented in the findinga either had only one elementary school or
were reasonably homogeneous with respect to average jccupation of the

%

Since teachers and administrators comprise most of the meaningful
educational inputs, much more detail 18 needed with respect to teacher
and administrator characteristics. Work presently beiny done by
Hanushek and by Levin and Michelson, which incorporates teacher per-
formance on cognitive tests as one of the inputs, is a step in this
direction. But in order to gain this kind of information the researcher
usuclly must sacrifice some analytical breadth. Thus both Hanushek and
Levin-Michelson are working with only one school district and this 1s
harmful 1f there are significant between-district differences in teacher

characteristics. Despite this drawback, both studies show much promice,
however. ¢
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pupils' breadwinners. On balarce, it ig felt that these findings are
imports t but, until replicated in other studies, should only be regarded
as suggestive.* -

Finally, a word needs to be said concerning policy jmplications of
the findings in this paper. Three points are germane to this question.
First, these data are relatively old and schools have changed rapidly
in the past few years. Second, it would be most dangerous tn extrapolat‘e
beyond the range of observed experience in the data. Third, the findings
above give no clue concerning which corbinations of inputs might have to
be increased together to pbtain desired results., For these reasons,
especially the last, pius problems with the cardinality of tne output
measure, it was thought improper to assign efficiency (in the sense of
number of months achievement performance associated with different
amounts of expenditure on each input) and thfé has not been done. Such

precision swaits better future work.

~

*There is undoubtedly a limit to the developing of educational
production functions from cross-section analysis. More scientific
would be the careful longitudinal testing of varfous different school
inputs with carefully designed control groups. The cost of defng this,
while great, wouid be worthwhile, and, given the fact that only 4 per-
cent of the educational GNP is now spent on rerearch and development,
reasonable.
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